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FIG. 8
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FIG. 10

Deriving transform information on
per-slice basis and generating - $1010
transform picture
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FIG. 24
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FIG. 26
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IMAGE ENCODING/DECODING METHOD
AND APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2018-0030510, filed Mar. 15, 2018,
Korean Patent Application No. 10-2018-0030511, filed Mar.
15, 2018, Korean Patent Application No. 10-2019-0029513,
filed Mar. 14, 2019, and Korean Patent Application No.
10-2019-0029514, filed Mar. 14, 2019 the entire contents of
which are incorporated herein for all purposes by this
reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a method and an appa-
ratus for encoding/decoding an image. More particularly, the
present invention relates to a method and an apparatus for
encoding/decoding an image, the method and the apparatus
determining whether to refer to a transform picture consid-
ering bit loss.

Description of the Related Art

Recently, demands for multimedia data such as a video
have rapidly increased on the Internet. However, the rate at
which a bandwidth of a channel develops is difficult keep up
with the amount of multimedia data that is also rapidly
increasing. As part of this trend, the Video Coding Expert
Group (VCEG) of ITU-T and the Moving Picture Expert
Group (MPEG) of ISO/IEC, which is the International
Organization for Standardization, study video compression
standards through steady collaborative research.

Compression of image information may be performed by
eliminating temporal and/or spatial redundancy of signals
that constitute an image. Inter prediction for eliminating
temporal redundancy is a method of compressing an image
signal by using, as a prediction region, a similar region
between a current image and another image which are
temporally different from each other. In inter prediction, a
reference picture is searched for a region (hereinafter,
referred to as a reference region) similar to a region (here-
inafter, referred to as a prediction region) of the original
picture, and displacement information between the predic-
tion region and the reference region and a prediction error
which is the difference between the prediction region and the
reference region are encoded. Thus, when the similarity of
the image signal between the original picture and the refer-
ence picture is high, the prediction error is reduced, resulting
in increase in compression efficiency.

A reference picture of inter prediction may be generated
by transforming a picture through image transform. The
transformed picture by image transform is referred to as a
transform picture. The transform picture may be a picture
obtained by deriving motion information of a pixel position
between a reference picture and a current picture and geo-
metrically transforming the reference picture by using the
derived information. The transform picture and the current
picture may have similar pixel distribution. Therefore, when
the transform picture is referenced in inter prediction, image
compression efficiency is enhanced.

The foregoing is intended merely to aid in the understand-
ing of the background of the present invention, and is not
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intended to mean that the present invention falls within the
purview of the related art that is already known to those
skilled in the art.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keep-
ing in mind the above problems occurring in the related art,
and the present invention is intended to propose a method
and an apparatus for encoding/decoding an image, the
method and the apparatus determining a prediction method
considering loss caused by additional information, thereby
enhancing compression efficiency.

Also, the present invention is intended to propose a
method and an apparatus for encoding/decoding an image,
the method and the apparatus determining whether to trans-
mit transform information according to whether to refer to a
transform picture, thereby enhancing compression effi-
ciency.

Also, the present invention is intended to propose a
method and an apparatus for encoding/decoding an image,
the method and the apparatus omitting a transform picture
generation process according to whether to refer to a trans-
form picture, thereby improving complexity.

Also, the present invention is intended to propose a
recording medium storing a bitstream that is generated by
the method or apparatus for encoding an image of the
present invention.

It is to be understood that technical problems to be solved
by the present invention are not limited to the aforemen-
tioned technical problems and other technical problems
which are not mentioned will be apparent from the following
description to a person with an ordinary skill in the art to
which the present invention pertains.

A method of decoding an image according the present
invention, the method may comprise receiving a transform
picture reference skip flag; determining whether the trans-
form picture reference skip flag is on or off; and performing
inter prediction on a current block on the basis of the
transform picture reference skip flag.

In the method of decoding the image according the
present invention, wherein the transform picture reference
skip flag is determined for each transform picture generation
unit.

In the method of decoding the image according the
present invention, wherein the transform picture generation
unit is at least one among a picture, a slice, a tile group, and
a tile.

In the method of decoding the image according the
present invention, wherein when the transform picture ref-
erence skip flag is on, the inter prediction on the current
block is performed referring to a reference picture stored in
a reference picture buffer.

In the method of decoding the image according the
present invention, wherein when the transform picture ref-
erence skip flag is off, the method further comprises: receiv-
ing transform information; and generating, on the basis of
the transform information, a transform picture from a ref-
erence picture stored in a reference picture buffer, wherein
the inter prediction on the current block is performed
referring to at least one among the reference picture and the
transform picture.

In the method of decoding the image according the
present invention, wherein the generating of the transform
picture comprises performing geometric transform compu-
tation on the reference picture by using the transform
information.
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In the method of decoding the image according the
present invention, wherein the transform information is a
matrix containing multiple real numbers or integers.

In the method of decoding the image according the
present invention, wherein the inter prediction on the current
block comprises: receiving prediction information on the
current block; selecting, on the basis of the prediction
information, one among the reference picture and the trans-
form picture; and performing the inter prediction by refer-
ring to the selected picture.

Also, a method of encoding an image according the
present invention, the method may comprise calculating a
first cost of encoding a transform picture generation unit
without referring to a transform picture; calculating a second
cost of encoding the transform picture generation unit by
selectively referring to the transform picture or a reference
picture; comparing the first cost and the second cost; and
setting a transform picture reference skip flag on the basis of
a result of the comparison.

In the method of encoding the image according the
present invention, wherein the transform picture is generated
by performing geometric transform computation for the
reference picture by using transform information.

In the method of encoding the image according the
present invention, wherein when the first cost is smaller than
the second cost, the method further comprises: setting the
transform picture reference skip flag to on; and performing
encoding by containing, in a bitstream, the transform picture
reference skip flag and prediction information on the trans-
form picture generation unit.

In the method of encoding the image according the
present invention, wherein when the first cost is larger than
the second cost, the method further comprises: setting the
transform picture reference skip flag to off; and performing
encoding by containing, in a bitstream, the transform picture
reference skip flag, prediction information on the transform
picture generation unit, and the transform information.

In the method of encoding the image according the
present invention, wherein the prediction information is
determined for each block included in the transform picture
generation unit, and includes information for selecting one
among the reference picture and the transform picture.

In the method of encoding the image according the
present invention, wherein the transform picture reference
skip flag is determined by an input of a user or an encoding
environment, and one among the calculating of the first cost
and the calculating of the second cost is performed on the
basis of the determined transform picture reference skip flag.

In the method of encoding the image according the
present invention, further comprising: checking whether the
first cost exceeds a predetermined threshold value, wherein
when the first cost does not exceed the predetermined
threshold value, encoding is performed by containing, in a
bitstream, the transform picture reference skip flag which is
set to on and prediction information on the transform picture
generation unit, and the calculating of the second cost; the
comparing of the first cost and the second cost; and the
setting of the transform picture reference skip flag on the
basis of the result of the comparison are not performed.

In the method of encoding the image according the
present invention, further comprising: checking whether the
first cost exceeds a predetermined threshold value, wherein
when the first cost exceeds the predetermined threshold
value, the calculating of the second cost; the comparing of
the first cost and the second cost; and the setting of the
transform picture reference skip flag on the basis of the
result of the comparison are performed.
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In the method of encoding the image according the
present invention, wherein the threshold value is determined
on the basis of a predicted number of bits of transform
information according to a configuration of the reference
picture or to a maximum number of bits that the transform
information is able to have.

Also, an apparatus for decoding an image according to the
present invention, the apparatus may comprise an image
transform omission condition determination module receiv-
ing a transform picture reference skip flag and determining
whether the transform picture reference skip flag is on or off;
and an inter prediction module performing inter prediction
on a current block on the basis of the transform picture
reference skip flag.

Also, an apparatus for encoding an image according to the
present invention, the apparatus may comprise an inter
prediction module performing first inter prediction selec-
tively referring to a transform picture and a reference picture
or performing second inter prediction referring to only the
reference picture; and a transform picture reference omis-
sion determination module configured to: calculate a first
cost according to the first inter prediction and a second cost
according to the second inter prediction; compare the first
cost and the second cost; and determine a transform picture
reference skip flag on the basis of a result of the comparison.

Also, a computer-readable recording medium according
to the present invention may store a bitstream generated by
a video encoding method according to the present invention.

According to the present invention, there is provided a
method and an apparatus for encoding/decoding an image,
the method and the apparatus determining a prediction
method considering loss caused by additional information,
thereby enhancing compression efficiency.

Also, according to the present invention, there is a method
and an apparatus for encoding/decoding an image, the
method and the apparatus determining whether to transmit
transform information according to whether to refer to a
transform picture, thereby enhancing compression effi-
ciency.

Also, according to the present invention, there is provided
a method and an apparatus for encoding/decoding an image,
the method and the apparatus omitting a transform picture
generation process according to whether to refer to a trans-
form picture, thereby improving complexity.

Also, a computer-readable recording medium according
to the present invention may store a bitstream generated by
the method or apparatus for encoding the image according to
the present invention.

Effects that may be obtained from the present disclosure
will not be limited to only the above described effects. In
addition, other effects which are not described herein will
become apparent to those skilled in the art from the follow-
ing description.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present invention will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an apparatus for
encoding an image according to an embodiment of the
present invention;

FIG. 2 is a block diagram illustrating an apparatus for
decoding an image according to an embodiment of the
present invention;
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FIG. 3 is a diagram illustrating the concept of a video
encoder and a video decoder that generate a transform
picture for reference in inter prediction;

FIG. 4 is a diagram illustrating a projection transform
model;

FIG. 5 is a diagram illustrating an affine transform model;

FIG. 6 is a diagram illustrating an embodiment of a video
encoder that utilizes a reference picture and a transform
picture as reference information;

FIG. 7 is a diagram illustrating an embodiment of a video
decoder that utilizes a reference picture and a transform
picture as reference information;

FIG. 8 is a diagram illustrating a process of generating a
transform picture according to an embodiment of the present
invention;

FIG. 9 is a diagram illustrating a case where additional
information is generated according to an embodiment of the
present invention;

FIG. 10 is a diagram illustrating inter prediction when a
transform picture generation unit is a slice according to an
embodiment of the present invention;

FIG. 11 is a diagram illustrating an inter prediction
method according to another embodiment of the present
invention;

FIGS. 12A and 12B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to another embodiment of the
present invention;

FIG. 13 is a diagram illustrating an embodiment of an
encoder to which a final determination module of transform
picture reference omission is added;

FIGS. 14A and 14B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to another embodiment of the
present invention;

FIG. 15 is a diagram illustrating an embodiment of a
video encoder including a final determination module of
transform picture reference omission;

FIGS. 16A and 16B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to still another embodiment of the
present invention;

FIG. 17 is a diagram illustrating an embodiment of a
video encoder including a final determination module of
transform picture reference omission;

FIG. 18 is a diagram illustrating an operation of a video
decoder according to an embodiment of the present inven-
tion;

FIG. 19 is a diagram illustrating an embodiment of a
video decoder that further includes an image transform
omission condition determination module;

FIG. 20 is a diagram illustrating an embodiment of an
encoder, as a video encoder using transform information,
which further includes a pre-determination module of image
transform omission and a final determination module of
transform picture reference omission;

FIG. 21 is a diagram illustrating an embodiment of a
decoder, as a video decoder using transform information,
which further includes an image transform omission condi-
tion determination module;

FIG. 22 is a diagram illustrating a HEVC/H.265 encoder
system structure according to an embodiment of the present
invention;

FIGS. 23A to 23D are diagrams illustrating generation of
global motion caused by motion of a camera according to an
embodiment of the present invention;
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FIG. 24 includes diagrams illustrating a video coding
process using geometric transform according to an embodi-
ment of the present invention;

FIG. 25 is a block diagram illustrating a configuration of
an apparatus for coding a video by using geometric trans-
form according to an embodiment of the present invention;

FIG. 26 is a diagram illustrating a reference region and a
virtual region in performing inter prediction according to an
embodiment of the present invention;

FIG. 27 is a diagram illustrating an example in which a
region where pixel value information is not present is
generated inside an original region of a picture to be coded
in a WRP according to an embodiment of the present
invention;

FIG. 28 includes diagrams illustrating a boundary region
according to an embodiment of the present invention;

FIG. 29 includes block diagrams illustrating a configura-
tion of an encoder/decoder using a padding technique of a
boundary region according to an embodiment of the present
invention;

FIG. 30 includes flowcharts illustrating an operation of an
encoder/decoder using a padding technique on a boundary
region according to an embodiment of the present invention;

FIG. 31 includes flowcharts illustrating an operation of an
encoder/decoder, which includes a process of comparing and
determining a fixed value according to an embodiment of the
present invention;

FIG. 32 includes flowcharts illustrating an operation of an
encoder/decoder using a specified fixed value according to
an embodiment of the present invention;

FIG. 33 includes flowcharts illustrating an operation of an
encoder/decoder using a fixed value that is pre-defined in the
encoder/decoder in the same manner according to an
embodiment of the present invention;

FIG. 34 is a diagram illustrating a boundary region
padding process using an adjacent pixel according to an
embodiment of the present invention;

FIG. 35 includes diagrams illustrating a boundary region
padding process using a WRP region according to an
embodiment of the present invention;

FIG. 36 is a flowchart illustrating a boundary region
padding process using a WRP region according to an
embodiment of the present invention;

FIG. 37 includes diagrams illustrating a boundary region
padding process between a WRP and a general reference
picture according to an embodiment of the present inven-
tion;

FIG. 38 is a diagram illustrating a boundary region
padding correction process using a blurring method accord-
ing to an embodiment of the present invention;

FIG. 39 is a diagram illustrating a blurring method
considering a geometric shape according to an embodiment
of the present invention; and

FIG. 40 includes diagrams illustrating a boundary region
padding correction method using brightness change accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

A variety of modifications may be made to the present
invention and there are various embodiments of the present
invention, examples of which will now be provided with
reference to drawings and described in detail. However, the
present invention is not limited thereto, and the exemplary
embodiments can be construed as including all modifica-
tions, equivalents, or substitutes in a technical concept and
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a technical scope of the present invention. The similar
reference numerals refer to the similar elements described in
the drawings.

Terms used in the specification, “first”, “second”, etc. can
be used to describe various elements, but the elements are
not to be construed as being limited to the terms. The terms
are only used to differentiate one element from other ele-
ments. For example, the “first” element may be named the
“second” element without departing from the scope of the
present invention, and the “second” element may also be
similarly named the “first” element. The term “and/or”
includes a combination of a plurality of items or any one of
a plurality of terms.

It will be understood that when an element is referred to
as being “coupled” or “connected” to another element, it can
be directly coupled or connected to the other element or
intervening elements may be present therebetween. In con-
trast, it should be understood that when an element is
referred to as being “directly coupled” or “directly con-
nected” to another element, there are no intervening ele-
ments present.

The terms used in the present specification are merely
used to describe particular embodiments, and are not
intended to limit the present invention. An expression used
in the singular encompasses the expression of the plural,
unless it has a clearly different meaning in the context. In the
present specification, it is to be understood that terms such
as “including”, “having”, etc. are intended to indicate the
existence of the features, numbers, steps, actions, elements,
parts, or combinations thereof disclosed in the specification,
and are not intended to preclude the possibility that one or
more other features, numbers, steps, actions, elements, parts,
or combinations thereof may exist or may be added.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. Hereinafter, the same elements in the drawings are
denoted by the same reference numerals, and a repeated
description of the same elements will be omitted.

FIG. 1 is a block diagram illustrating an apparatus for
encoding an image according to an embodiment of the
present invention.

Referring to FIG. 1, an apparatus 100 for encoding an
image may include an image division module 101, an intra
prediction module 102, an inter prediction module 103, a
subtractor 104, a transform module 105, a quantization
module 106, an entropy encoding module 107, a dequanti-
zation module 108, an inverse transform module 109, an
adder 110, a filter module 111, and a memory 112.

The constituents shown in FIG. 1 are independently
shown so as to represent characteristic functions different
from each other in the apparatus for encoding the image.
Thus, it does not mean that each constituent is constituted in
a constituent unit of separated hardware or software. In other
words, each constituent includes each of enumerated con-
stituents for convenience. Thus, at least two constituents of
each constituent may be combined to form one constituent
or one constituent may be divided into a plurality of con-
stituents to perform each function. The embodiment where
each constituent is combined and the embodiment where one
constituent is divided are also included in the scope of the
present invention, if not departing from the essence of the
present invention.

Also, some of constituents may not be indispensable
constituents performing essential functions of the present
invention but be selective constituents improving only per-
formance thereof. The present invention may be imple-
mented by including only the indispensable constituents for
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implementing the essence of the present invention except the
constituents used in improving performance. The structure
including only the indispensable constituents except the
selective constituents used in improving only performance is
also included in the scope of the present invention.

The image division module 100 may divide an input
image into one or more blocks. Here, the input image may
have various shapes and sizes, such as a picture, a slice, a
tile, a segment, a tile group, and the like. A block may mean
a coding unit (CU), a prediction unit (PU), or a transform
unit (TU). The dividing may be performed on the basis of at
least one among a quad tree, a binary tree, and a ternary tree.
Quad tree division is a method of dividing the upper block
into four lower blocks of which width and height are half of
those of the upper block. Binary tree division is a method of
dividing the upper block into two lower blocks of which
either width or height is half of that of the upper block.
Ternary tree division is a method of dividing the upper block
into three lower blocks. For example, the three lower blocks
may be obtained by dividing the width or the height of the
upper block at a ratio of 1:2:1. Through binary tree-based
division, a block may be in a square shape as well as a
non-square shape. A block may be divided in the quad tree
first. A block corresponding to a leaf node in the quad tree
may not be divided, or may be divided in the binary tree or
the ternary tree. The leaf node in the binary tree or the
ternary tree may be a unit of encoding, prediction, and/or
transform.

The prediction modules 102 and 103 may include an inter
prediction module 103 performing inter prediction and an
intra prediction module 102 performing intra prediction.
Whether to perform inter prediction or intra prediction for
the prediction unit may be determined, and detailed infor-
mation (for example, an intra prediction mode, a motion
vector, a reference picture, and the like) according to each
prediction method may be determined. Here, the processing
unit subjected to prediction may be different from the
processing unit in which the prediction method and the
detailed content are determined. For example, the prediction
method, the prediction mode, and the like may be deter-
mined by the prediction unit, and prediction may be per-
formed by the transform unit.

A residual value (residual block) between the generated
prediction block and an original block may be input to the
transform module 105. Also, prediction mode information
used for prediction, motion vector information, and the like
may be encoded with the residual value by the entropy
encoding module 107 and may be transmitted to an appa-
ratus for decoding. When a particular encoding mode is
used, the original block is intactly encoded and transmitted
to a decoding module without generating the prediction
block by the prediction modules 102 and 103.

The intra prediction module 102 may generate a predic-
tion block on the basis of reference pixel information around
a current block, which is pixel information in the current
picture. When the prediction mode of the nearby block of the
current block on which intra prediction is to be performed is
inter prediction, a reference pixel included in the nearby
block to which inter prediction has been applied is replaced
by a reference pixel within another nearby block to which
intra prediction has been applied. That is, when a reference
pixel is unavailable, at least one reference pixel of available
reference pixels is used instead of unavailable reference
pixel information. For intra prediction, multiple reference
pixel lines may be available. When multiple reference pixel
lines are available, information on which reference pixel line
is referenced is signaled.
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Prediction modes in intra prediction may include a direc-
tional prediction mode using reference pixel information
depending on a prediction direction and a non-directional
mode not using directional information in performing pre-
diction. A mode for predicting luma information may be
different from a mode for predicting chroma information,
and in order to predict the chroma information, intra pre-
diction mode information used to predict the luma informa-
tion or predicted luma signal information may be utilized.

The intra prediction module 102 may include an adaptive
intra smoothing (AIS) filter, a reference pixel interpolation
module, and a DC filter. The AIS filter is a filter performing
filtering on the reference pixel of the current block, and
whether to apply the filter may be determined adaptively
according to the prediction mode, the size, the shape of the
current prediction unit, and/or whether the reference pixel is
included in the reference pixel line immediately adjacent to
the current block. When the prediction mode of the current
block is a mode in which AIS filtering is not performed, the
AIS filter is not applied.

When the prediction unit is in the intra prediction mode
where intra prediction is performed on the basis of the pixel
value obtained by interpolating the reference pixel, the
reference pixel interpolation module of the intra prediction
module 102 interpolates the reference pixel to generate the
reference pixel at the fraction unit position. When the
prediction mode of the current prediction unit is a prediction
mode in which a prediction block is generated without
interpolating the reference pixel, the reference pixel is not
interpolated. The DC filter may generate a prediction block
through filtering when the prediction mode of the current
block is a DC mode.

With respect to the prediction block generated by intra
prediction, additional filtering may be performed. The addi-
tional filtering may be performed on the basis of the intra
prediction mode, the size, the shape of the block, and/or the
position of the pixel within the prediction block.

The inter prediction module 103 generates a prediction
block using a pre-reconstructed reference image stored in
the memory 112 and motion information. Motion informa-
tion may contain, for example, a motion vector, a reference
picture index, a list 1 prediction flag, a list O prediction flag,
and the like.

A residual block including residual value information that
is a difference value between a prediction unit generated by
the prediction modules 102 and 103 and the original block
of the prediction unit. The generated residual block may be
input to the transform module 130 for transform.

The inter prediction module 103 may derive a prediction
block on the basis of information on at least one picture
among the previous picture and the subsequent picture of the
current picture. Further, the prediction block of the current
block may be derived on the basis of information on a partial
region with encoding completed within the current picture.
According to the embodiment the inter prediction module
103 may include a reference picture interpolation module, a
motion prediction module, and a motion compensation
module.

The reference picture interpolation module may receive
reference picture information from the memory 112 and may
generate pixel information of an integer pixel or less from
the reference picture. In the case of luma pixels, an 8-tap
DCT-based interpolation filter having different coefficients
may be used to generate pixel information on an integer
pixel or less on a per-Y4 pixel basis. In the case of chroma
signals, a 4-tap DCT-based interpolation filter having dif-
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ferent filter coeflicients may be used to generate pixel
information on an integer pixel or less on a per-Y% pixel
basis.

The motion prediction module may perform motion pre-
diction based on the reference picture interpolated by the
reference picture interpolation module. As methods for
calculating a motion vector, various methods, such as a full
search-based block matching algorithm (FBMA), a three
step search (TSS) algorithm, a new three-step search (NTS)
algorithm, and the like may be used. The motion vector may
have a motion vector value on a per-Y or -4 pixel basis on
the basis of the interpolated pixel. The motion prediction
module may predict a prediction block of a current block by
changing the motion prediction method. As motion predic-
tion methods, various methods, such as a skip method, a
merge method, an advanced motion vector prediction
(AMVP) method, and the like may be used.

The subtractor 104 generates the residual block of the
current block by subtracting the block to be encoded now
from the prediction block generated by the intra prediction
module 102 or the inter prediction module 103.

The transform module 105 may transform the residual
block containing residual data, by using transform methods,
such as DCT, DST, Karhunen-Loeve transform (KLT), and
the like. Here, the transform method may be determined on
the basis of the prediction method (inter or intra prediction)
of the prediction unit that is used to generate the residual
block, the intra prediction mode, and the size and/or the
shape of the transform unit. For example, depending on the
intra prediction mode, DCT may be used in the horizontal
direction, and DST may be used in the vertical direction. For
example, when the size of the transform unit is in a prede-
termined range, DST is used in the direction corresponding
to the short one among the width and the height of the
transform unit, and DCT is used in the direction correspond-
ing to the long one. For example, DST may be DST-7, and
DCT may be DCT-2.

The quantization module 106 may quantize values trans-
formed into a frequency domain by the transform module
105. Quantization coeflicients may vary according to a block
or importance of an image. The value calculated by the
quantization module 106 may be provided to the dequanti-
zation module 108 and the entropy encoding module 107.

The transform module 105 and/or the quantization mod-
ule 106 may be selectively included in the apparatus 100 for
encoding an image. That is, the apparatus 100 for encoding
an image may perform at least one between transform and
quantization on residual data of the residual block, or may
encode the residual block by skipping both transform and
quantization. Even though the apparatus 100 for encoding an
image does not perform either transform or quantization or
does not perform both transform and quantization, the block
that is input to the entropy encoding module 107 is generally
referred to as a transform block. The entropy encoding
module 107 entropy encodes the input data. Entropy encod-
ing may use various encoding methods, for example, expo-
nential Golomb coding, context-adaptive variable length
coding (CAVLC), and context-adaptive binary arithmetic
coding (CABAC).

The entropy encoding module 107 may encode a variety
of information, such as coefficient information of a trans-
form block, block type information, prediction mode infor-
mation, division unit information, prediction unit informa-
tion, transmission unit information, motion vector
information, reference frame information, interpolation
information of a block, filtering information, and the like.



US 12,225,212 B2

11

The coefficients of the transform block may be encoded on
a per-sub-block basis within the transform block.

In order to encode a coefficient of a transform block,
various syntax elements may be encoded in the reverse scan
order, such as the first syntax element Last_sig that informs
of the position of a non-zero coefficient, a flag Coded_
sub_blk_flag that informs whether at least one non-zero
coefficient is present within a sub-block, a flag
Sig_coeff_flag that informs whether the coeflicient is a
non-zero coefficient, a flag Abs_greater]_flag that informs
whether the absolute value of the coefficient is larger than
one, a flag Abs_greater2_flag that informs whether the
absolute value of the coefficient is larger than two, a flag
Sign_flag indicating the sign of the coefficient, and the like.
The remaining value of the coefficient that is not encoded
only with the syntax elements may be encoded through a
syntax element remaining_coeff.

The dequantization module 108 dequantizes the values
quantized by the quantization module 106, and the inverse
transform module 109 inversely transforms the values trans-
formed by the transform module 105. The residual value
generated by the dequantization module 108 and the inverse
transform module 109 may be combined with the prediction
unit predicted by a motion estimation module, a motion
compensation module, and the intra prediction module 102
of the prediction modules 102 and 103 such that a recon-
structed block may be generated. The adder 110 generates a
reconstructed block by adding the prediction block gener-
ated by the prediction modules 102 and 103 and the residual
block generated by the inverse transform module 109.

The filter module 111 may include at least one of a
deblocking filter, an offset correction module, and an adap-
tive loop filter (ALF).

The deblocking filter may eliminate block distortion that
occurs due to boundaries between the blocks in the recon-
structed picture. In order to determine whether to perform
deblocking, whether to apply the deblocking filter to the
current block may be determined on the basis of the pixels
included in several rows and columns in the block. When the
deblocking filter is applied to the block, a strong filter or a
weak filter is applied depending on required deblocking
filtering intensity. Further, in applying the deblocking filter,
when performing horizontal direction filtering and vertical
direction filtering, horizontal direction filtering and vertical
direction filtering are configured to be processed in parallel.

The offset correction module may correct an offset from
the original image on a per-pixel basis with respect to the
image subjected to deblocking. In order to perform offset
correction on a particular picture, it is possible to use a
method of separating pixels of the image into the predeter-
mined number of regions, determining a region to be sub-
jected to offset, and applying the offset to the determined
region or a method of applying an offset considering edge
information of each pixel.

Adaptive loop filtering (ALF) may be performed on the
basis of the value obtained by comparing the filtered recon-
struction image and the original image. The pixels included
in the image may be divided into predetermined groups, a
filter to be applied to each of the groups may be determined,
and filtering may be individually performed on each group.
Information on whether to apply ALF and a luma signal may
be transmitted for each coding unit (CU), and the shape and
the filter coefficient of the ALF filter to be applied may vary
depending on each block. Further, the ALF filter in the same
form (fixed form) may be applied regardless of the charac-
teristic of the application target block.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

The memory 112 may store the reconstructed block or
picture calculated through the filter module 111, and the
stored reconstructed block or picture may be provided to the
prediction modules 102 and 103 when performing inter
prediction.

Next, an apparatus for decoding an image according to the
present invention will be described with reference to the
drawings. FIG. 2 is a block diagram illustrating an apparatus
200 for decoding an image according to an embodiment of
the present invention.

Referring to FIG. 2, the apparatus 200 for decoding an
image may include an entropy decoding module 201, a
dequantization module 202, an inverse transform module
203, an adder 204, a filter module 205, a memory 206, and
prediction modules 207 and 208.

When an image bitstream generated by the apparatus 100
for encoding an image is input to the apparatus 200 for
decoding an image, the input bitstream is decoded according
to a reverse process of the process performed in the appa-
ratus 100 for encoding an image.

The entropy decoding module 201 may perform entropy
decoding according to the reverse procedure of the entropy
encoding performed by the entropy encoding module 107 of
the apparatus 100 for encoding an image. For example,
corresponding to the methods performed by the image
encoder, various methods, such as exponential Golomb
coding, context-adaptive variable length coding (CAVLC),
and context-adaptive binary arithmetic coding (CABAC)
may be applied. The entropy decoding module 201 may
decode syntax eclements, as described above, namely,
Last_sig, Coded_sub_blk_flag, Sig_coeff_flag,
Abs_greaterl_flag, Abs_greater2_flag, Sign flag, and
remaining_coeff. Further, the entropy decoding module 201
may decode information on intra prediction and inter pre-
diction performed by the apparatus 100 for encoding an
image.

The dequantization module 202 may generate a transform
block by performing dequantization on the quantized trans-
form block. It operates substantially in the same manner as
the dequantization module 108 in FIG. 1.

The inverse transform module 203 generates the residual
block by performing inverse transform on the transform
block. Here, the transform method may be determined on the
basis of the prediction method (inter or intra prediction),
information on the size and/or the shape of the block, the
intra prediction mode, and the like. It operates substantially
in the same manner as the inverse transform module 109 in
FIG. 1.

The adder 204 generates a reconstructed block by adding
the prediction block generated by the intra prediction mod-
ule 207 or the inter prediction module 208 and the residual
block generated by the inverse transform module 203. It
operates substantially in the same manner as the adder 110
in FIG. 1.

The filter module 205 reduces various types of noises
occurring in the reconstructed blocks.

The filter module 205 may include the deblocking filter,
the offset correction module, and the ALF.

From the apparatus 100 for encoding the image, it is
possible to receive information on whether the deblocking
filter is applied to the block or picture and information on
whether the strong filter or the weak filter is applied when
the deblocking filter is applied. The deblocking filter of the
apparatus 200 for decoding an image may receive informa-
tion on the deblocking filter from the apparatus 100 for
encoding an image, and the apparatus 200 for decoding an
image may perform deblocking filtering on the block.
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The offset correction module may perform offset correc-
tion on the reconstructed image on the basis of the type of
offset correction, offset value information, and the like
applied to the image in performing encoding.

The ALF may be applied to the coding unit on the basis
of information on whether to apply the ALF, ALF coeflicient
information, and the like received from the apparatus 100 for
encoding an image. The ALF information may be provided
by being included in a particular parameter set. The filter
module 205 operates substantially in the same manner as the
filter module 111 in FIG. 1.

The memory 206 stores a reconstructed block generated
by the adder 204. It operates substantially in the same
manner as the memory 112 in FIG. 1.

The prediction modules 207 and 208 may generate a
prediction block on the basis of information on prediction
block generation received from the entropy decoding mod-
ule 201 and information on a previously decoded block or
picture received from the memory 206.

The prediction modules 207 and 208 may include an intra
prediction module 207 and an inter prediction module 208.
Although not shown, the prediction modules 207 and 208
may further include a prediction unit determination module.
The prediction unit determination module may receive a
variety of information, such as prediction unit information,
prediction mode information of an intra prediction method,
information on motion prediction of an inter prediction
method, and the like from the entropy decoding module 201,
may distinguish a prediction unit in a current coding unit,
and may determine whether inter prediction or intra predic-
tion is performed on the prediction unit. By using informa-
tion required in inter prediction of the current prediction unit
received from the apparatus 100 for encoding the image, the
inter prediction module 208 may perform inter prediction on
the current prediction unit on the basis of information on at
least one among the previous picture and the subsequent
picture of the current picture including the current prediction
unit. Alternatively, inter prediction may be performed on the
basis of information on some pre-reconstructed regions in
the current picture including the current prediction unit.

In order to perform inter prediction, it may be determined
which of a skip mode, a merge mode, and an AMVP mode
is used for the motion prediction method of the prediction
unit included in the coding unit, on the basis of the coding
unit.

The intra prediction module 207 generates the prediction
block using the pre-reconstructed pixels positioned near the
block to be currently encoded. When multiple reference
pixel lines are available, which reference pixel line is
referenced is identified on the basis of the information
provided from the apparatus 100 for encoding an image.

The intra prediction module 207 may include an adaptive
intra smoothing (AIS) filter, a reference pixel interpolation
module, and a DC filter. The AIS filter is a filter performing
filtering on the reference pixel of the current block, and
whether to apply the filter may be determined adaptively
according to the prediction mode, the size, the shape of the
current prediction unit, and/or whether the reference pixel is
included in the reference pixel line adjacent to the current
block. The prediction mode of the prediction unit received
from the apparatus 100 for encoding the image and AIS filter
information are used for performing AIS filtering on the
reference pixel of the current block. When the prediction
mode of the current block is a mode in which AIS filtering
is not performed, the AIS filter is not applied.

When the prediction unit is in the prediction mode where
intra prediction is performed on the basis of the pixel value
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obtained by interpolating the reference pixel, the reference
pixel interpolation module of the intra prediction module
207 interpolates the reference pixel to generate the reference
pixel at the fraction unit position. The generated reference
pixel at the traction unit position may be used as a prediction
pixel of a pixel within the current block. When the prediction
mode of the current prediction unit is a prediction mode in
which a prediction block is generated without interpolating
the reference pixel, the reference pixel is not interpolated.
The DC filter may generate a prediction block through
filtering when the prediction mode of the current block is a
DC mode.

It is described above that additional filtering may be
performed on the prediction block generated by intra pre-
diction.

The intra prediction module 207 operates substantially in
the same manner as the intra prediction module 102 in FIG.
1.

The inter prediction module 208 generates an inter pre-
diction block using a reference picture stored in the memory
206, and motion information. The inter prediction module
208 operates substantially in the same manner as the inter
prediction module 103 in FIG. 1.

Hereinafter, various embodiments of the present inven-
tion will be described in detail with reference to the draw-
ings.

FIG. 3 is a diagram illustrating the concept of a video
encoder and a video decoder that generate a transform
picture for reference in inter prediction.

The video encoder has original information of the current
picture as an input signal. Therefore, transform information
may be derived by computing a geometric transform rela-
tionship from the reference picture and the original of the
current picture. The video encoder uses the derived trans-
form information to perform geometric transform computa-
tion for the reference picture such that a transform picture is
generated. The generated transform picture may be used as
reference information of inter prediction.

The video encoder may transmit the derived transform
information to the video decoder. The video decoder uses the
transform information received from the video encoder to
perform geometric transform computation for the reference
picture, such that a transform picture is generated. Since
video transform information is the same as the reference
picture, the transform picture generated by the decoder may
be the same as the transform picture generated by the video
encoder.

Inter prediction and encoding may be performed on a
per-coding unit (hereinafter, referred to as “a CU”) basis
and/or on a per-prediction unit (hereinafter, referred to as “a
PU”) basis. Prediction information for inter prediction may
include motion information. Motion information may refer
to a displacement between a position of a prediction target
CU or a prediction target PU (hereinafter, referred to as “a
current CU”, “a current PU”, “a current block”, or “a
prediction target block™) within the current picture and a
position of a reference region (hereinafter, referred to as “a
reference block™) within the reference picture.

In order to reduce the number of bits that represent motion
information, motion information may be obtained from the
nearby block (or adjacent block) adjacent to the current
block and may be used as motion information of the current
block. This method is called a merge method, and the merge
method is performed when the current block and the nearby
block have the same motion information. Therefore, when
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the motion information of the current block is not similar to
that of the nearby block, compression performance by
merging is lowered.

For example, when the video image contains non-linear
motion such as global rotation, zoom-in, zoom-out, and the
like, there is high likelihood that the similarity between
motion information of the current block and motion infor-
mation of the nearby block will decrease. Therefore, in this
case, the merging performance is degraded and the encoding
performance may be lowered.

When the global motion occurs in a video image, there is
a method of referring to a transform picture as a method of
predicting an image signal by computing geometric trans-
form for global motion. The global motion may occur in
units of various regions, such as an image picture, a slice, a
tile group, a tile, and the like. Here the computed geometric
transform may include both linear motion such as parallel
translation, and non-linear motion such as rotation, zoom-in,
and zoom-out.

The transform picture may mean a picture in which both
a linear geometric transform relationship and a non-linear
geometric transform relationship are computed. The trans-
form picture and the current picture are configured to have
similar pixel distributions. Therefore, with respect to an
image in which non-linear global motion occurs, the encod-
ing performance is higher when referring to the transform
picture than when using only the reference picture conven-
tionally.

In the case of encoding/decoding referring to the trans-
form picture, a geometric transform relationship reflecting
non-linear motion between images may be computed.
Therefore, transform information reflecting the non-linear
geometric transform relationship may be derived. Here,
transform information may be composed of multiple real
numbers or integers.

With reference to FIGS. 4 and 5, various embodiments of
a model representing a geometric transform relationship
between two images will be described.

FIG. 4 is a diagram illustrating a projection transform
model.

FIG. 5 is a diagram illustrating an affine transform model.

Transform information of a projection transform model (a
homography model) may be represented by one fixed value
and eight real numbers as shown in matrix H in FIG. 4.

Transform information of an affine transform model may
be represented by three fixed integer values and six real
numbers as shown in matrix A in FIG. 5.

As described above, the transform information is a data
set composed of multiple real numbers and integers. Further,
transform information needs to be derived each time the
transform picture is generated. Therefore, when using the
transform picture, additional number of bits is required to
transmit the transform information from the encoder to the
decoder. Thus, there is likelihood that overall coding effi-
ciency is degraded.

In other words, since the transform information is derived
by computing the geometric transform relationship between
two images, when there are many local motions between two
images or when it is difficult to compute the geometric
transform relationship, the derived transform information
contains many errors. When the transform information con-
tains an error, it is likely that the transform picture generated
on the basis thereof will contain an error. Thus, in inter
prediction referring to the transform picture, it may be
difficult to expect good performance.

Further, for inter prediction referring to transform picture,
it is necessary to further transmit additional information
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such as transform information, so the number of bits corre-
sponding thereto is added. Therefore, compared with the
conventional case of referring to only the reference picture,
there is likelihood that encoding/decoding performance will
be degraded in the case of referring to the transform picture.

According to an embodiment of the present invention,
when it is determined that conventional inter prediction
referring to only the reference picture is better than inter
prediction referring to the transform picture in terms of the
compression performance, the encoder omits inter predic-
tion referring to the transform picture. In this case, the
encoder may transmit information indicating omission of
inter prediction referring to the transform picture, to the
decoder.

According to another embodiment of the present inven-
tion, when it is determined that the performance of the inter
prediction referring to the transform picture will be good,
but the performance of the inter prediction referring to the
transform picture is bad as the result of encoding, the
information indicating omission of the inter prediction refer-
ring to the transform picture is transmitted to the decoder.

According to the embodiments, a signal indicating omis-
sion of the inter prediction referring to the transform picture
is transmitted to the decoder, and additional information
required for generating the transform picture is not trans-
mitted, thereby minimizing the number of bits for transmis-
sion. Further, a procedure for generating the transform
picture may be omitted, so the complexity of the encoder/
decoder may be reduced.

According to the present invention, in video encoder and
decoder utilizing the reference picture and the transform
picture as reference information, when it is the omission of
the inter prediction referring to the transform picture is
expected to be advantageous in terms of coding efficiency,
the inter prediction process referring to the transform picture
and transmission of the transform information are omitted.
Consequently, the performance of the video encoder/de-
coder may be enhanced and the complexity is reduced.

FIG. 6 is a diagram illustrating an embodiment of a video
encoder that utilizes a reference picture and a transform
picture as reference information.

The video encoder that utilizes the reference picture and
the transform picture as reference information performs intra
prediction with inter prediction using only the reference
picture stored in a decoded picture buffer (DBP) as reference
information or transform picture reference inter prediction
referring to both the reference picture within the decoded
picture buffer and a transform picture within a transform
picture buffer, thereby generating the optimum prediction
information.

Here, the referenced transform picture may be generated
in a manner that a geometric transform relationship between
an encoding target picture (current picture) on which current
encoding is performed and a reference picture is computed
to derive transform information, then the derived transform
information is used to compute the geometric transform
relationship of the reference picture.

When it is determined that the transform picture reference
inter prediction method is the optimum prediction in the
video encoder, the derived transform information is output
in the form of a bitstream through entropy encoding by the
video encoder.

FIG. 7 is a diagram illustrating an embodiment of a video
decoder that utilizes a reference picture and a transform
picture as reference information.
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The video decoder receives the bitstream output from the
video encoder to decode the transform information through
entropy decoding.

The video decoder uses the decoded transform informa-
tion to generate a transform picture from the reference
picture in the decoded picture buffer. The generated trans-
form picture may be stored in the transform picture buffer,
and the stored transform picture may be referenced to
perform transform picture reference inter prediction.

Among the constituents shown in FIGS. 6 and 7, a
detailed description of the same constituents as those shown
in FIGS. 1 and 2 will be omitted.

FIG. 8 is a diagram illustrating a process of generating a
transform picture according to an embodiment of the present
invention.

The encoder may derive the transform information on the
basis of the current picture and the reference picture stored
in the decoded picture buffer. The derived transform picture
may be used to generate a transform picture from a reference
picture, then the generated transform picture may be stored
in the transform picture buffer.

FIG. 9 is a diagram illustrating a case where additional
information is generated according to an embodiment of the
present invention.

In the embodiment shown in FIG. 9, there are two
reference picture lists, but without limited thereto, N refer-
ence picture lists may be present. Further, the number of
pieces of transform information for each limit is not also
limited to two, and M pieces of transform information may
be present. Here, N and M may be integers of one or more.

The transform information is required to generate the
transform picture by computing geometric transform. There-
fore, the transform information may be generated in a unit
in which the transform picture is generated. In the embodi-
ment shown in FIG. 9, the video encoder may have total four
reference pictures (reference picture A, reference picture B,
reference picture C, and reference picture D), and transform
pictures (transform picture A', transform picture B', trans-
form picture C', and transform picture D') may be generated
for the respective reference pictures. That is, the transform
picture may be generated on a per-reference picture basis.

In the embodiment shown in FIG. 9, total four pieces of
transform information (transform information a, transform
information b, transform information ¢, and transform infor-
mation d) may be derived. As described above, each piece of
transform information may be composed of multiple inte-
gers or real numbers. Therefore, in order to transmit the
derived transform information, an additional number of bits
is required, and when the additional number of bits is large,
coding efficiency of the encoder/decoder is hindered.

FIG. 10 is a diagram illustrating inter prediction when a
transform picture generation unit is a slice according to an
embodiment of the present invention.

First, the transform information may be derived on a
per-slice basis, and the transform picture may be generated
on the basis of the derived transform information at step
S1010. The current block (CU or PU) may be set within the
slice at step S1020, and inter prediction referring only the
reference picture and encoding may be performed on the
current block at step S1030. Further, inter prediction refer-
ring the transform picture and encoding may be performed
on the current block at step S1040. By comparing the
compression performance at step S1030 with the compres-
sion performance at step S1040, the optimum prediction
information for the current block may be determined at step
S1050. Whether the current block is the last block within the
slice is checked at step S1060. When the current block is not
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the last block, the subsequent block within the slice is set as
the current block at step S1080, then proceeding to step
S1030 takes place to repeat the above-described process.
The process is repeated until the last block within the slice,
then the transform information may be transmitted on a
per-slice basis at step S1070.

Referring to FIG. 10, in the described embodiment, the
transform picture is generated/transmitted on a per-slice
basis, but the optimum efficiency is determined on a per-
block basis. Therefore, when the transform picture genera-
tion unit is a region like the slice larger than the CU or the
PU, it is difficult to consider the number of bits for the
transform information that is generated on a per-slice basis.
Thus, in practice, loss may occur in terms of encoding.
Therefore, it may be desired to select the optimum predic-
tion method in the transform picture generation unit con-
sidering bit loss caused by additional information (namely,
the transform information) generated in the transform pic-
ture generation unit.

FIG. 11 is a diagram illustrating an inter prediction
method according to another embodiment of the present
invention.

In the embodiment shown in FIG. 11, “an inter predictor
on a per-PU basis” selects the optimum prediction method
for the current block, then measures bit loss caused by the
additional information (namely, the transform information)
that is generated when generating the transform picture. The
optimum prediction method for the transform picture gen-
eration unit may be selected by “an optimum prediction
selector on a per-transform picture generation unit basis”.

“The optimum prediction selector on a per-PU basis”
within “the inter predictor on a per-PU basis” may select the
optimum prediction method referring to both the transform
picture and the reference picture. Afterward, the transform
picture generation unit compares the cost considering bit
loss caused by generation of the transform information with
the cost of inter prediction referring to only the reference
picture, thereby finally selecting a cost-effective method.
Here, examples of the transform picture generation unit may
include various regions, such as a picture, a slice, a tile
group, a tile, an arbitrary region, or the like. Further, the cost
may be a value calculated by various conversion methods
that are applicable to image quality evaluation such as the
bitrate versus the image quality, and the like.

FIGS. 12A and 12 B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to another embodiment of the
present invention.

In the embodiment shown in FIGS. 12A and 12B, a
transform picture reference skip flag (or, a transform picture
reference inter prediction skip flag) indicating whether the
transform picture is referenced may be signaled. Regarding
the transform picture reference skip flag, the optimum
prediction selector on a per-transform picture generation
unit basis may determine and transmit the value for each
transform picture generation unit.

When the transform picture reference skip flag is on at
step S1210, the current block within the transform picture
generation unit is set at step S1212, inter prediction referring
to only the reference picture and encoding is performed on
a per-current block basis at step S1214, and the optimum
prediction information is updated at step S1216. At step
S1218, whether the current block is the last block is checked.
When the current block is not the last block, the subsequent
block is set as the current block at step S1220. The above
steps are performed repeatedly until the last block within the
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transform picture generation unit, then the cost for the
transform picture generation unit may be calculated at step
S1222.

When the transform picture reference skip flag is off at
step S1224, derivation of the transform information and
generation of the transform picture of the transform picture
generation unit are performed at step S1226. Afterward, the
current block within the transform picture generation unit is
set at step S1228, inter prediction referring to the transform
picture/encoding and inter prediction referring to only the
reference picture/encoding are performed on a per-current
block basis at step S1230, and the optimum prediction
information is updated on a per-current block basis at step
S1232. At step S1234, whether the current block is the last
block is checked. When the current block is not the last
block, the subsequent block is set as the current block at step
S1236. The above steps are performed repeatedly until the
last block within the transform picture generation unit, then
the cost for the transform picture generation unit may be
calculated at step S1238.

Afterward, the encoder may determine, on the basis of the
cost derived at step S1222 and the cost derived at step
S1238, the case having high coding efficiency among the
cases where the transform picture reference skip flag is on
and off at step S1240. In the case of Yes at step S1240, the
optimum prediction information may be updated with pre-
diction information of the case where the transform picture
reference skip flag is on at step S1242; and the optimum
prediction information and the transform reference skip flag
may be transmitted at step S1244. In the case of No at step
S1240, the optimum prediction information may be updated
with prediction information of the case where the transform
picture reference skip flag is off at step S1246, and the
optimum prediction information and the transform reference
skip flag may be transmitted at step S1248, and further the
transform information may be transmitted at step S1250.

When the transform picture reference skip flag is on, inter
prediction referring to only the reference picture is per-
formed, so the transform information is not transmitted to
the decoder. When the transform picture reference skip flag
is off; the transform information for generating the transform
picture is transmitted to the decoder.

In the described embodiment with reference to FIGS. 12A
and 12B, different configurations are possible depending on
the prediction method or order, and parallel processing. For
example, the steps having no casual relations therebetween
may be performed in parallel, or the processing order may
be changed.

In FIGS. 12A and 12B, the ending may mean the end of
a partial process of inter prediction according to the embodi-
ment of the present invention, and may not mean the end of
the entire encoding process.

FIG. 13 is a diagram illustrating an embodiment of an
encoder to which a final determination module of transform
picture reference omission is added.

According to the present invention, the encoder may
perform first inter prediction in which inter prediction refer-
ring to the transform picture and inter prediction referring to
the reference picture are performed in parallel, and second
inter prediction referring to only the reference picture. The
final determination module of transform picture reference
omission determines whether to refer to the transform pic-
ture through the comparison with the cost in the transform
picture generation unit, thereby determining the optimum
coding efficiency including the transform information.
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FIGS. 14A and 14B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to another embodiment of the
present invention.

The embodiment in FIGS. 14A and 14B is the same as the
embodiment described with reference to FIGS. 12A and 12B
except that determining the transform picture reference skip
flag in advance at step S1460 is included.

In the embodiment shown in FIGS. 14A and 14B, the
transform picture reference skip flag may be determined in
advance by the user or environment setting of the encoding
method. Since the steps after step S1460 are the same as
those in the embodiment described with reference to FIGS.
12A and 12 B, a detailed description thereof will be omitted.

In the embodiment shown in FIGS. 14A and 14B, con-
sidering the characteristic of an image, the encoding condi-
tion, and the like, whether to calculate the cost for the
transform picture reference inter prediction method may be
determined first through the environment setting of the
image encoder, and the like.

FIG. 15 is a diagram illustrating an embodiment of a
video encoder including a final determination module of
transform picture reference omission.

The embodiment shown in FIG. 15 shows an apparatus
that performs the operation shown in FIGS. 14A and 14B.
Compared with the drawing in FIG. 13, the encoder in FIG.
15 further includes a pre-determination module of image
transform omission.

The encoder shown in FIG. 15 may determine, in advance
of inter prediction, whether to perform transform picture
reference inter prediction in the transform picture generation
unit by receiving the value of the environment setting of the
encoder or by checking a particular condition, and the like.

Here, the particular condition may include a threshold
value, a condition for predicting inter prediction efficiency,
or the like.

The pre-determination module of image transform omis-
sion may determine whether to perform transform picture
reference inter prediction. When it is determined to perform
transform picture reference inter prediction, it is possible to
perform both an inter prediction method where inter predic-
tion referring to the transform picture and inter prediction
referring to the reference picture are performed in parallel,
and a method of performing inter prediction referring to only
the reference picture.

Next, the final determination module of transform picture
reference omission determines whether to refer to the trans-
form picture through comparison with the cost in the trans-
form picture generation unit, thereby determining the opti-
mum coding efficiency including the transform information.
When it is determined that the pre-determination module of
image transform omission does not perform transform pic-
ture reference inter prediction, prediction is performed using
the inter prediction method referring to only the reference
picture.

FIGS. 16 A and 16 B are diagrams illustrating an operation
of a video encoder performing transform picture reference
inter prediction according to still another embodiment of the
present invention.

FIGS. 16A and 16B shows an embodiment in which the
case where the transform picture reference skip flag is on
and the case where the transform picture reference skip flag
is off are not processed in parallel, wherein the cases are
described in the above embodiment with reference to FIGS.
12A and 12B.

In the embodiment shown in FIGS. 16A and 16B, inter
prediction for the case where the transform picture reference
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skip flag is on is performed. Then, the cost of the transform
picture generation unit is derived, whether the cost exceeds
a threshold value is checked, and whether to perform inter
prediction for the case where the transform picture reference
skip flag is off is determined at step S1660.

The threshold value at step S1660 may be determined by
predicting the number of bits for the transform information
according to the configuration of the reference picture or
may use a constant value such as the maximum number of
bits that the transform information may have.

At step S1660, when the cost does not exceed the thresh-
old value, the optimum prediction information is updated
with the prediction information of the case where the
transform picture reference skip flag is on at step S1642, and
the optimum prediction information and the transform pic-
ture reference skip flag are transmitted to the video decoder
at step S1644. Here, the transform information is not trans-
mitted to the video decoder, and the transform picture
generation process is not performed, so complexity of the
encoder may be reduced.

At step S1660, when the cost exceeds the threshold value,
proceeding to step S1624 takes place and the procedure for
the case where the transform picture reference skip flag is off
is performed.

Next, the cost of the transform picture generation unit is
derived at step S1638, the optimum prediction method is set
by performing comparison at step S1640, and the optimum
prediction information and the transform picture reference
skip flag are transmitted to the decoder.

When the transform picture reference skip flag is on, only
the conventional inter prediction is performed, so the trans-
form information of the transform picture generation unit is
not transmitted to the decoder. When the transform picture
reference skip flag is off, the transform information for
generating the transform picture is transmitted to the
decoder.

Compared with the operation shown in FIGS. 12A and
12B, in the operation shown in FIGS. 16A and 16B, step
S1660 is performed additionally, and the order of the steps
is partially different. However, except for the differences,
since the descriptions of the steps common to the operation
shown in FIGS. 12A and 12B and the operation shown in
FIGS. 16A and 16B are the same, the detailed description
will be omitted.

FIG. 17 is a diagram illustrating an embodiment of a
video encoder including a final determination module of
transform picture reference omission.

The embodiment shown in FIG. 17 shows an apparatus
that performs the operation shown in FIGS. 16A and 16B.
Compared with the drawing in FIG. 15, there is a difference
in that the pre-determination module of image transform
omission in FIG. 17 is able to receive the cost of inter
prediction.

The encoder shown in FIG. 17 may receive the cost of the
transform picture generation unit of inter prediction, and
may determine whether to perform transform picture refer-
ence inter prediction.

The pre-determination module of image transform omis-
sion may determine whether to perform transform picture
reference inter prediction. When it is determined to perform
transform picture reference inter prediction, it is possible to
perform both an inter prediction method where the transform
picture reference inter prediction and the conventional inter
prediction (inter prediction referring to the reference picture)
are performed in parallel, and a method of performing only
the conventional inter prediction.
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Next, the final determination module of transform picture
reference omission determines whether to refer to the trans-
form picture through comparison with the cost in the trans-
form picture generation unit, thereby determining the opti-
mum coding efficiency including the transform information.
When it is determined that the pre-determination module of
image transform omission does not perform transform pic-
ture reference inter prediction, prediction is performed using
only the conventional inter prediction method.

FIG. 18 is a diagram illustrating an operation of a video
decoder according to an embodiment of the present inven-
tion.

The video decoder may receive the transform picture
reference skip flag in the transform picture generation unit at
step S1810. Here, the transform picture generation unit may
be a picture, a slice, a tile group, a tile, or the like, and may
be preset in the encoder and the decoder or may be deter-
mined by a preset method.

At step S1820, when the transform picture reference skip
flag is on, the conventional inter prediction referring to only
the reference picture is performed on the CU or the PU
within the transform picture generation unit at step S1850.

At step S1820, when the transform picture reference skip
flag is off, a process of receiving the transform information
and generating the transform picture is performed at step
S1830. Afterward, the CU or the PU within the transform
picture generation unit uses both the transform picture
reference inter prediction and the conventional inter predic-
tion according to the optimum prediction information deter-
mined by the encoder to decode an image signal at step
S1840.

In the embodiment shown in FIG. 18, the ending may
mean the end of the prediction process according to the
present invention, and may not mean the end of the entire
decoding process.

FIG. 19 is a diagram illustrating an embodiment of a
video decoder that further includes an image transform
omission condition determination module.

The image transform omission condition determination
module may receive the transform picture reference skip flag
in the transform picture generation unit. Here, the transform
picture generation unit may be a picture, a slice, a tile group,
a tile, or the like, and may be preset in the encoder and the
decoder or may be determined by a preset method.

When the transform picture reference skip flag is on, the
process of receiving the transform information and gener-
ating the transform picture is omitted. Further, the conven-
tional inter prediction referring to only the reference picture
is performed on the CU or the PU within the transform
picture generation unit.

When the transform picture reference skip flag is off, the
process of receiving the transform information and gener-
ating the transform picture is performed. Further, the trans-
form picture reference inter prediction and the conventional
inter prediction are performed in parallel on the CU or the
PU within the transform picture generation unit according to
the optimum prediction information determined by the
encoder.

According to the decoder in FIG. 19, the transform picture
generation process is partially omitted using the transform
picture reference skip flag, so complexity of the decoder is
reduced.

FIG. 20 is a diagram illustrating an embodiment of an
encoder, as a video encoder using transform information,
which further includes a pre-determination module of image
transform omission and a final determination module of
transform picture reference omission.
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The pre-determination module of image transform omis-
sion of the video encoder receives a value set as an encoding
condition in the encoder so as to determine whether to
perform the transform picture reference inter prediction, or
checks a condition where the performance of the transform
picture reference inter prediction is predicted so as to
determine whether to perform the transform picture refer-
ence inter prediction.

The final determination module of transform picture ref-
erence omission of the video encoder determines the pre-
diction mode according to the optimum prediction efficiency
by comparing the prediction efficiency of the method using
only the conventional inter prediction in the transform
picture generation unit with the prediction efficiency of the
method performing the conventional inter prediction and the
transform picture reference inter prediction in parallel. In
this case, the cost for generating the transform information
in the transform picture generation unit may be considered,
s0 it is possible to prevent bit loss that may occur by using
the transform picture reference inter prediction.

FIG. 21 is a diagram illustrating an embodiment of a
decoder, as a video decoder using transform information,
which further includes an image transform omission condi-
tion determination module.

The image transform omission condition determination
module of the video decoder receives information on
whether transform picture reference is omitted from the
encoder, determines whether to receive the transform infor-
mation and whether to generate the transform picture, and
performs the decoding process.

According to the present invention, it is possible to
increase the compression efficiency by eliminating the
redundant prediction information in the process of encoding/
decoding a video, and to omit the redundant process of
deriving the prediction information, thereby reducing the
complexity.

In the meantime, according to the present invention, there
is provided a method and an apparatus for encoding/decod-
ing an image on the basis of a geometric transform reference
picture.

Further, according to the present invention, there is pro-
vided a method and an apparatus for encoding/decoding an
image, the method and the apparatus padding the boundary
region of the reference picture, thereby enhancing the com-
pression efficiency.

Hereinafter, with reference to FIGS. 22 to 40, the method
and the apparatus for encoding/decoding an image on the
basis of padding on the boundary region of the reference
picture will be described.

In the related art, a method of enhancing image coding
efficiency by eliminating intra or inter redundancy is used. In
order to eliminate intra or inter redundancy, prediction
through information with similarity is used. In the case of
inter prediction, the fact that the similarity between the
current image and the reference picture is high is utilized.
The reference picture may mean a reconstructed image
obtained by decoding the image that is encoded before the
current image. Information on encoding modes such as a
pixel value of the current image, a motion vector, a reference
picture number, and the like is predicted from the reference
picture through inter prediction, so with respect to the pixel
value and the encoding modes, only the difference value
between the current frame on which encoding or decoding is
performed and the reference picture is encoded. Here, when
the difference between the reference information used for
prediction and an image information value of a current
decoding region is small, prediction accuracy is high and
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coding efficiency increases. FIG. 22 is a diagram illustrating
a HEVC/H.265 encoder system structure according to an
embodiment of the present invention.

Among the encoding modes, motion information accounts
for the largest proportion. The motion information includes
information such as a motion vector, a reference image
number, a reference direction, and the like, and may be
transmitted on a per-prediction unit (hereinafter, referred to
as “a PU”) basis.

In general, an image has a characteristic that information
contains much intra redundancy, and a video has a charac-
teristic that information also contains much inter redun-
dancy. Therefore, when pieces of information of the image
are represented by distinguishable symbols, the occurrence
frequency of the symbols is biased. As a technique of video
encoding using these characteristics, entropy coding is used.
The entropy coding is an encoding method considering the
occurrence frequency of the symbol of the information,
wherein the symbol with high occurrence frequency is
represented by a small-size sign and the symbol with low
occurrence frequency is represented by a large-size sign,
thereby enhancing overall coding efficiency.

In general, a video has global motion and local motion
over time in the video. Global motion means motion with the
same tendency that the entire image has. Global motion may
occur due to camera work or common motion throughout the
photographing region.

FIGS. 23A to 23D are diagrams illustrating generation of
global motion caused by motion of a camera according to an
embodiment of the present invention.

As in the example shown in FIG. 23A, when using camera
work with parallel translation, most of the video images
have parallel motion in a particular direction. Further, as in
the example shown in FIG. 23B, when using camera work
rotating the photographing camera, most of the video images
have motion rotating in a particular direction. Further, as in
the example shown in FIG. 23C, when using camera work
moving the camera forward, the video image has motion in
the form of zoom-in. Further, as in the example shown in
FIG. 23D, when using camera work moving the camera
backward, the video image has motion in the form of
zoom-out.

In the meantime, local motion may mean motion different
from the global motion in an image. That is, the video image
may have the global motion as well as additional motion, or
may have motion completely different from the global
motion. For example, in the image to which the padding
technique is applied, when most objects in the image move
to the left, if there is an object moving in the opposite
direction, the object has local motion.

As a video coding technique reflecting the global motion,
there is a coding technique using transform of an image.
Image transform may mean that the position of luma infor-
mation contained in the image is transformed by reflecting
geometric motion. Luma information may mean a brightness
value, a hue, a chroma, and the like that each point of an
image has, and may mean a pixel value in a digital image.
Geometric transform means parallel translation, rotation,
size change, and the like, of each point having the luma
information in the image, and may be used to represent
global motion information.

Video coding using image transform is a video coding
method that utilizes additional information generated
through image transform in the inter prediction technology
using the motion information. Additional information (or
transform information) means information of all types that
makes it possible to more advantageously perform predic-
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tion between a referenced image or a partial region thereof
and an image performing prediction through reference or a
partial region thereof. For example, there may be a global
motion vector, an affine transform matrix, a projective
transform matrix, a geometric transform matrix (warping
matrix), and the like. Further, the transform information may
include the global motion information. By utilizing the
transform information, it is possible to enhance coding
efficiency for an image containing rotation, zoom-in, Zoom-
out, and the like, which degrade the coding efficiency
according to the conventional technology. Transforming an
image considering geometric motion of an image, such as
parallel translation, rotation, zoom-in, zoom-out, and the
like is referred to as geometric transform of an image. A
video encoder using geometric transform deduces a rela-
tionship between the current picture and the referencing
picture and, on the basis of the relationship, generates
transform information for transforming the reference picture
into the form close to the current picture, thereby generating
an additional reference picture (a geometric transform ref-
erence picture). Alternatively, it is possible to generate
transform information for transforming the current picture
into the form close to the reference picture.

In the inter prediction process of the video encoder using
geometric transform, the geometric transform reference pic-
ture generated through the transform process and/or the
original reference picture may be used to find the case for
obtaining the optimum coding efficiency.

FIG. 24 includes diagrams illustrating a video coding
process using geometric transform according to an embodi-
ment of the present invention.

The encoder may perform inter prediction on all reference
pictures and transform pictures. Here, the reference picture
may mean a general reference picture to which geometric
transform is not applied. Further, the transform picture may
mean a geometric transform reference picture to which
geometric transform is applied.

As shown in the example in FIG. 24 at (a), the encoder
may transform each reference picture into the form similar
to the current picture through geometric transform to gen-
erate the transform picture. Inter prediction may be per-
formed on the generated transform picture, and inter pre-
diction may be performed on the reference picture. On the
basis of the result of each inter prediction, the optimum
prediction information for achieving high coding efficiency
is found for updating. After performing inter prediction on
all the reference pictures and the transform pictures, the
finally updated optimum prediction information is encoded
for transmission to the decoder.

As shown in the example in FIG. 24 at (b), the decoder
receives the optimum prediction information from the
encoder for decoding, and performs inter prediction through
motion correction based thereon. The optimum prediction
information may include information required for perform-
ing, by the decoder, the case of the optimum prediction
efficiency selected by the encoder.

The optimum prediction information may include infor-
mation indicating which reference picture or which trans-
form picture is the reference picture used in inter prediction.
Further, the optimum prediction information may include
the transform information, and the transform information
may mean information for transforming the reference pic-
ture into the transform picture. Further, the optimum pre-
diction information may include information required for
motion correction.
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FIG. 25 is a block diagram illustrating a configuration of
an apparatus for coding a video by using geometric trans-
form according to an embodiment of the present invention.

The transform image generation module 2501 may gen-
erate a transform image using the current input image and/or
images stored in the decoded image buffer. The transform
image means a geometric transform picture, and the trans-
form image generation module 2501 may generate the
geometric transform picture. The input image may mean the
current picture, and the reconstructed image may mean a
general reference picture. The transform image prediction
module 2502 may store the generated transform image in the
transform image buffer for management, and may perform
inter prediction using both the reconstructed image stored in
the decoded image buffer and the transform image stored in
the transform image buffer. The process other than inter
prediction may be the same as the conventional encoding/
decoding process.

As the result of encoding, motion information and infor-
mation on the selected reference picture may be obtained.
Information on the selected reference picture may include an
index value for identifying the selected reference picture
among several reference pictures, and/or a value indicating
whether the selected reference picture is the transformed
reference picture. The information may be transmitted in
various scale units. For example, when applied to a block-
based prediction structure, the information is transmitted on
a per-coding unit (CU) basis of a per-PU basis.

According to the embodiment of the present invention,
the above-described method and/or apparatus may be
applied to various video coding methods and/or apparatuses,
and each detailed process proposed may be performed in
various forms. When necessary, a new detailed process may
be added and performed. Further, all of the above-described
method and/or apparatus may be used, or a part thereof may
be used when necessary.

Inter prediction performed in a general video encoding
and decoding process considers that an object or the back-
ground in each picture of the video moves over time. Here,
inter prediction is performed for each unit after division in
the form of a unit, such as a coding unit, a prediction unit,
and the like. In each unit, a region having a similar pixel
value in a picture of another time zone is found considering
motion of the object. In inter prediction, the found region
may be represented by the motion information.

Here, the performance range of inter prediction may
include a virtual region that is formed larger than the original
size of the picture to be coded. However, the virtual region
does not have pixel value information, so prediction is
impossible or prediction accuracy is degraded, resulting in
decrease in the coding efficiency. Alternatively, the predic-
tion unit is reduced, so the coding efficiency decreases.

In the present invention, coding is defined including
encoding and decoding.

FIG. 26 is a diagram illustrating a reference region and a
virtual region in performing inter prediction according to an
embodiment of the present invention.

In general, the reference picture has the same size as the
original region of the picture to be coded and is present in
the same spatial position. For example, referring to FIG. 26,
block A corresponds to block A'. Therefore, inter prediction
is performed on block A referring to block A'. In inter
prediction, condition motion of the image in the screen, a
predetermined range from the position to be coded is
searched for the region having the most similar pixel value.
Here, the search range may deviate from the original region
of'the picture to be coded. For example, referring to FIG. 26,
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block A' deviates from the original region of the picture to
be coded. In order to perform inter prediction on the region
that deviates from the original region of the picture to be
coded, in a general video coding method, it is possible to use
the virtual region that is formed larger than the original
region of the picture to be coded. According to the embodi-
ment of the present invention, the sum of the virtual region
and the original region of the picture to be coded may be
defined as a reference region, and inter prediction may be
performed within the reference region. In general, in the
case of the reference picture, the pixel value is not present
in the virtual region, so a process of allocating a pixel value
to the virtual region is performed, which is called padding of
the virtual region.

In the meantime, regarding the geometric transform ref-
erence frame or the geometric transform reference picture (a
warped reference picture, WRP), when generating the WRP,
geometric transform is performed referring to a general
reference picture so as to implement the reference picture.
Thus, a region where the pixel value information is not
present may be generated inside the original region of the
picture to be coded.

FIG. 27 is a diagram illustrating an example in which a
region where pixel value information is not present is
generated inside an original region of a picture to be coded
in a WRP according to an embodiment of the present
invention.

Since the WRP is generated through geometric transform,
the size and the spatial position may be different from those
of the original region of the picture to be coded. Therefore,
unlike the case where the original region of the picture to be
coded and the reference picture have the same size and the
same spatial position, in the WRP, the region where the pixel
value is not present may be generated even inside the
original region of the picture to be coded even if it is not the
virtual region.

Referring to FIG. 27, the hatched region A represent the
region where the pixel value is not present even inside the
original region of the picture to be coded. Further, as shown
in the right edge of the figure, in the WRP, the pixel value
information of the WRP may be present in a part or all of the
virtual region.

According to the embodiment of the present invention,
unlike the conventional encoding/decoding method in which
a virtual region is defined outside the image size to be coded
and only the virtual region where the pixel value is not
present is padded, a boundary region is defined as an
expanded region in which the virtual region where the pixel
value information is not present or a part of the virtual region
is combined with the region where the pixel value is not
preset, which is generated due to the WRP, inside the
original region of the picture to be coded. The boundary
region may mean all the regions having no pixel value
information in the reference region.

According to the embodiment of the present invention, in
the method of encoding/decoding an image by using the
WRP, the prediction efficiency of the motion information
may be enhanced by padding the boundary region of the
reference picture, thereby enhancing the coding efficiency.
Here, the WRP may be involved in a case where the actual
pixel value is generated and stored as well as a case where
the pixel value is deduced virtually from the general refer-
ence picture through the global motion information for
utilization.

The boundary region may mean a region that belongs to
the reference region but not includes the pixel value infor-
mation. For example, referring to FIG. 27, the boundary
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region may mean a region in which a region where the pixel
value is not present inside the original region of the picture
to be coded is combined with the virtual region.

FIG. 28 includes diagrams illustrating a boundary region
according to an embodiment of the present invention.

Referring to FIG. 28 at (a), as shown in the right edge, the
WRP may deviate from the reference region of the current
picture. Since the reference region of the current picture
means all the regions that the current picture is able to refer
to in inter prediction, information outside the reference
region of the current picture may not be used. Therefore, the
region of the WRP that deviates from the reference region of
the current picture may be removed.

Since the pixel value of the boundary region does not have
information, it is impossible to be aware of a correct value.
Thus, it is necessary to predict or arbitrarily define the pixel
value. Predicting the pixel value of the boundary region or
defining a predetermined value for setting is referred to as
padding of the boundary region.

FIG. 29 includes block diagrams illustrating a configura-
tion of an encoder/decoder using a padding technique of a
boundary region according to an embodiment of the present
invention.

Referring to FIG. 29 at (a), a global motion calculation
module 2901 of the encoder receives the current picture and
the reference picture to derive a relationship by the global
motion between the current picture and the reference picture.
Further, the global motion calculation module 2901 may
process the derived relationship into the form available for
encoding/decoding. The result derived by being processed in
the global motion calculation module 2901 is referred to as
global motion information.

A WRP generation module 2902 may generate the WRP
using the global motion information and the reference
picture. The WRP may mean a picture obtained by perform-
ing geometric transform on the reference picture in the form
similar to the current picture.

A boundary region padding module 2903 performs pad-
ding on the boundary region of the WRP and the reference
picture, thereby obtaining the WRP of which the boundary
region is padded.

Referring to FIG. 29 at (b), a global motion decoding
module 2911 of the decoder may decode a signal of the
global motion information transmitted from the encoder.
The decoder is unable to be aware of the information of the
current picture, so the decoder decodes the signal transmit-
ted from the encoder to obtain the global motion informa-
tion.

A WRP generation module 2912 may generate the WRP
using the global motion information and the reference
picture. The WRP may mean a picture obtained by perform-
ing geometric transform on the reference picture in the form
similar to the current picture.

A boundary region padding module 2913 performs pad-
ding on the boundary region of the WRP and the reference
picture, thereby obtaining the WRP of which the boundary
region is padded.

Although the encoder and the decoder differ in the method
of obtaining the global motion information, the same global
motion information is obtained, and through this, the process
of generating the WRP and padding the boundary region is
performed in the same manner.

FIG. 30 includes are flowcharts illustrating an operation
of an encoder/decoder using a padding technique on a
boundary region according to an embodiment of the present
invention.
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Referring to FIG. 30 at (a), the encoder may receive the
current picture and the reference picture to derive the
relationship by the global motion between the current pic-
ture and the reference picture, and may process the derived
relationship into the form available for encoding/decoding at
step S3000 (“global motion calculation” step). The result
derived by being processed at step S3000 is referred to as
global motion information.

The WRP may be generated using the global motion
information and the reference picture at step S3002 (“WRP
generation” step). The WRP means a picture obtained by
performing geometric transform on the reference picture in
the form similar to the current picture. Further, the WRP
may not be generated considering the derivation of the
global motion relationship and the coding efficiency.

Whether the WRP is generated may be determined at step
S3004 (“Is the WRP generated?” conditional statement
step). Step S3004 is a conditional statement for determining
whether to perform padding on the boundary region depend-
ing on whether the WRP is generated. When the WRP is not
generated, boundary region padding of the WRP and bound-
ary region padding using the WRP are not performed. When
the WRP is generated, whether the boundary region is
present in the WRP is checked.

Whether the boundary region of the WRP is present may
be determined, and whether to perform padding on the
boundary region may be determined depending on whether
the boundary region is present at step S3006 (“Is the
boundary region present?” conditional statement step). The
WRP may be generated in various forms, and the boundary
region may not be present depending on the global motion
and the reference region. When the boundary region is
present, the boundary region of the WRP is padded. When
the boundary region is not present, padding on the boundary
region is unnecessary, and is thus omitted.

The boundary region of the WRP or the reference picture
may be padded at step S3008 (“boundary region padding”
step). As the result of performing step S3008, the WRP of
which the boundary region is padded may be obtained.

The generated WRP may be stored in a WRP list at step
S3010 (“storage in the WRP list” step). The WRP list may
mean a list storing and managing the WRP for inter predic-
tion.

When boundary region padding is performed at step
S3008, the WRP of which the boundary region is padded is
stored in the WRP list for management. When boundary
region padding is not performed, the WRP of which the
boundary region is not padded is stored in the WRP list for
management.

Referring to FIG. 30 at (b), the decoder may decode the
encoded signal of the global motion information at step
S3020 (“global motion decoding” step). The decoder and the
encoder differ in the process of obtaining the global motion
information. Specifically, the decoder is unable to be aware
of information of the current picture, so the decoder decodes
the signal encoded by the encoder to obtain the global
motion information.

Whether it is possible to generate the WRP may be
determined at step S3022 (“Is it possible to generate the
WRP?” conditional statement step). Step S3022 is a condi-
tional statement for determining whether to perform padding
on the boundary region depending on whether it is possible
to generate the WRP. When it is impossible to generate the
WRP, boundary region padding of the WRP and boundary
region padding using the WRP are not performed. Whether
it is possible to generate the WRP is determined through

15

25

30

40

45

50

55

30

decoding of the global motion information. When it is
possible to generate the WRP, the WRP is generated.

The WRP may be generated using the global motion
information and the reference picture at step S3024 (“WRP
generation” step). The WRP may mean a picture obtained by
performing geometric transform on the reference picture
using the decoded global motion information.

Whether the boundary region of the WRP is present may
be determined, and whether to perform padding on the
boundary region may be determined depending on whether
the boundary region is present at step S3026 (“Is the
boundary region present?” conditional statement step). The
WRP may be generated in various forms, and the boundary
region may not be present depending on the global motion
and the reference region. When the boundary region is
present, the boundary region of the WRP is padded. When
the boundary region is not present, padding on the boundary
region is unnecessary, and is thus omitted.

The boundary region of the WRP or the reference picture
may be padded at step S3028 (“boundary region padding”
step). As the result of performing step S3028, the WRP of
which the boundary region is padded may be obtained.

The generated WRP may be stored in a WRP list at step
S3030 (“storage in the WRP list” step). The WRP list may
mean a list storing and managing the WRP for inter predic-
tion.

When boundary region padding is performed at step
S3028, the WRP of which the boundary region is padded is
stored in the WRP list for management. When boundary
region padding is not performed, the WRP of which the
boundary region is not padded is stored in the WRP list for
management.

According to the embodiment of the present invention, by
padding the boundary region of the WRP, it is possible to
enhance the efficiency of the motion prediction coding
process referring to the reference region that includes the
boundary region. Further, when padding the boundary
region of the reference picture including the WRP and the
general reference picture, the WRP corresponding to the
boundary region is used, thereby enhancing the efficiency of
the motion prediction coding process including the boundary
region.

Hereinafter, a method of padding the boundary region of
the WRP using a fixed value will be described.

According to the embodiment of the present invention,
the WRP may be padded using a fixed value, which means
that the pixel value corresponding to the boundary region is
set to an arbitrarily designated value. The arbitrarily desig-
nated value may mean a value that is checked or determined,
and encoded by the encoder for transmission to the decoder,
and may also mean a value designated in common to the
encoder/decoder in the same manner.

FIG. 31 includes flowcharts illustrating an operation of an
encoder/decoder, which includes a process of comparing and
determining a fixed value according to an embodiment of the
present invention.

FIG. 31 at (a) shows a process of padding the boundary
region of the geometric transform reference picture with a
fixed value by the encoder, and the process may correspond
to the operation of the boundary region padding module
2903 in FIG. 29 at (a).

Referring to FIG. 31 at (a), a fixed value may be set at step
S3100.

The boundary region may be padded with the fixed value
at step S3102.

Whether the coding efficiency is higher than the current
optimum fixed value may be determined at step S3104.
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As the result of the determination at step S3104, when the
coding efficiency is higher than the current optimum fixed
value, the optimum fixed value information is updated at
step S3106.

Whether the comparison is completed with respect to all
the fixed values may be determined at step S3108.

As the result of the determination at step S3108, when the
comparison for all the fixed values is completed, setting of
the optimum fixed value is completed at step S3110.

With the optimum fixed value set at step S3110, the
boundary region may be padded at step S3112.

The optimum fixed value may be encoded at step S3114.

FIG. 31 at (b) shows a process of padding the boundary
region of the geometric transform reference picture with a
fixed value by the decoder, and the process may correspond
to the operation of the boundary region padding module
2913 in FIG. 29 at (b).

The fixed value may be decoded at step S3120.

The fixed value may be set at step S3122.

Using the fixed value set at step S3122, the boundary
region may be padded at step S3124.

FIG. 32 includes flowcharts illustrating an operation of an
encoder/decoder using a specified fixed value according to
an embodiment of the present invention.

Compared to the operation in FIG. 31 at (a) and 31 at (b),
the encoder/decoder in FIG. 32 at (a) and 32 at (b) may omit
the step of comparing and determining the fixed value and
may use an arbitrarily specified fixed value. In the mean-
time, the step of comparing and determining the fixed value
may be performed on the basis of the change in coding
efficiency caused by the fixed value. Further, the step of
comparing and determining the fixed value may be per-
formed through comparison with the nearby value of the
boundary region. Further, the step of comparing and deter-
mining the fixed value may be performed through the
change in predicted coding efficiency.

FIG. 33 includes flowcharts illustrating an operation of an
encoder/decoder using a fixed value that is pre-defined in the
encoder/decoder in the same manner according to an
embodiment of the present invention.

Referring to FIG. 33 at (a) and FIG. 33 at (b), the
encoder/decoder predefines a fixed value (or an arbitrarily
designated value) in the same manner, so padding with the
same value is performed even though a signal transmission
and reception (encoding/decoding) process is omitted. Here-
inafter, a method of setting the fixed value according to an
embodiment of the present invention will be described.

For example, after padding with all the pixel values, the
optimum value is selected, thereby setting the fixed value. It
is possible to check what pixel value for padding achieves
the optimum coding efficiency by substituting all the pixel
values one by one. In this case, at step S3116 (“selection of
next comparison fixed value” step) in FIG. 31 at (a), as a
fixed value candidate to be selected, all the available pixel
values are possible. In the above method, all cases are
compared, so computation complexity is the highest, but the
coding efficiency may be enhanced. However, it may be
necessary to transmit and receive a signal for informing of
the fixed value.

As another example, the fixed value may be set by
selecting one from several determined pixel values. Com-
paring all the pixel values has high computational complex-
ity, so some values calculated at predetermined intervals or
statistically are defined in advance and one of the values is
selected for utilization. In this case, at step S3116 (“selection
of next comparison fixed value” step) in FIG. 31 at (a), the
fixed value candidate to be selected may be sifted out in
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advance. The fixed value candidates sifted out may be
defined in advance in the encoder and the decoder in the
manner, but the fixed value candidates may be transmitted
and received through an additional signal. Compared to the
method of comparing all the pixel values, the number of
cases is reduced, so computational complexity is low. Fur-
ther, although it is necessary to transmit and receive a signal
for informing of the fixed value, the number of cases is
reduced compared to the method of comparing all the pixel
values, so the coding efficiency of the signal to be transmit-
ted and received may be enhanced.

As still another example, the fixed value may be selected
considering a range of values that the pixel values may have.
A range of values that the pixel value of the image may have
is determined. For example, in the case of an image of 8-bit
depth, the range of values that each pixel may have is from
zero to 255. Considering the range of pixel values, the
smallest value, the largest value, the median value, and the
like may be selected for utilization. For example, in the
image of 8-bit depth, when the median value is selected as
the fixed value, a value of 128 is selected as the fixed value.
Further, an arbitrarily specified value may be set within a
range of a predetermined value. FIG. 32 at (a) and FIG. 32
at (b) show an example of a case where an arbitrarily
specified value is set. Since the fixed value is selected
according to the determined case, the comparison and selec-
tion process is eliminated, thereby reducing the computa-
tional complexity. Further, since it is defined in advance
which value to be selected, transmission and reception of the
signal for informing of the fixed value may be omitted. FIG.
33 at (a) and FIG. 33 at (b) show an example of a case where
the encoder and the decoder set the same value in advance,
so transmission and reception of the signal for informing of
the fixed value are omitted.

Hereinafter, a padding method using a picture will be
described.

Pixel values of a boundary region may be referenced from
a picture having the boundary region or another picture.
Here, pictures that have referenced may include the general
reference picture, the WRP, a picture to be encoded cur-
rently, and the like.

When using the general reference picture or the WRP,
only a particular picture is used, or multiple general refer-
ence pictures or WRPs may be used. The boundary region
may be padded using the pixel value or the pixel region of
the referencing picture. When using the picture to be
encoded currently, there may be a region that the decoder is
unable to refer to. When the boundary region is padded using
the region that the decoder is unable to refer to, it is
necessary to transmit and receive a signal for the same
decoding. In the case of a pre-decoded region that the
decoder is able to refer to, the encoder and the decoder refer
to the current picture of the pre-decoded region in the same
manner, so transmission and reception of the signal are
omitted. In the case of using multiple pictures, pictures of
different types such as the general reference picture and the
WRP, or the WRP and the current picture may be used.

For example, the adjacent pixel may be used.

When padding the boundary region of the WRP, padding
is performed using the pixel value of the pixel closest to the
pixel position of the boundary region from the referencing
picture. There are various methods of determining an adja-
cent pixel to be used, for example, a method of calculating
the Fuclidean distance, a method using the x-axis distance,
a method using the y-axis distance, a method using a
city-block distance, a method using a chessboard distance,
and the like. Alternatively, only a particular pixel may be
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selected according to the determined method and the bound-
ary region may be padded with the corresponding pixel
value.

FIG. 34 is a diagram illustrating a boundary region
padding process using an adjacent pixel according to an
embodiment of the present invention.

Referring to FIG. 34, the upper left grid pattern is that
region A is enlarged, and each of the small squares means a
pixel. The pixel value of the hatched boundary region may
be padded from the WRP region in white. Here, when using
the pixel of the closest WRP, the value of pixel A is padded
from the value of pixel a. Further, the value of pixel B may
be padded from the value of pixel a. Further, the value of
pixel C may be padded from the value of pixel a or pixel c.
Further, the value of pixel E may be padded from the value
of pixel d. Further, the value of pixel D may be padded from
the value of pixel a. The above process may be performed in
the entire boundary region in the same manner rather than
only in region A.

In the meantime, multiple adjacent pixels may be used
rather than only one adjacent pixel. For example, in FIG. 34,
in the case of pixel C, the distance from pixel C to pixel a
is the same as the distance from pixel C to pixel c. Therefore,
padding may be performing using the average value of two
pixels. In the case of pixel B, pixel a is the closest pixel, but
pixel b is also the very adjacent pixel, so padding may be
performed through the weighted average. Not only two
pixels but also multiple pixels may be selected, and all the
pixels within a predetermined distance may be used. As the
above-described method, by using multiple pixels, more
appropriate padding may be performed.

As another example, an average pixel value may be used.
A particular region may be designated from the referencing
picture, and padding may be performing using the average
of pixel values of the region. Here, the particular region may
mean the entire referencing picture, a region within a
predetermined distance from the pixel position in the bound-
ary region, a partial region designated according to the pixel
position in the boundary region, a region corresponding to a
set or a subset of pixels of a portion that meshes with the
boundary region, and the like. For example, in FIG. 34,
when region A is a designated partial region, the average of
pixel values of the WRP region corresponding to region A is
set as the pixel value in the boundary region of region A. In
the meantime, the average value may mean an arithmetical
average, a geometrical average, a weighted average, a
median, and the like.

As still another example, a reference picture region may
be used.

The reference picture region may mean a set of partial or
all pixel values of a referencing picture. According to the
embodiment of the present invention, the reference picture
region may be fetched to or may be matched to the boundary
region for use.

FIG. 35 includes diagrams illustrating a boundary region
padding process using a WRP region according to an
embodiment of the present invention.

For example, as shown in FIG. 35 at (a) and FIG. 35 at (b),
when multiple WRPs are present, WRP B has image infor-
mation corresponding to the boundary region of WRP A.
Conversely, WRP A may have image information corre-
sponding to the boundary region of WRP B. In this case, as
shown in the example in FIG. 35 at (c), regarding the
boundary region of WRP A, the boundary region may be
padded by fetching or matching corresponding pixel values
in WRP B. Further, regarding the boundary region of WRP
B, the boundary region may be padded by fetching or
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matching corresponding pixel values in WRP A. In the
meantime, in the process of fetching the pixel values cor-
responding to the boundary region, a process of finding the
position corresponding to the boundary region or of per-
forming prediction to correct the position may be included.

FIG. 36 is a flowchart illustrating a boundary region
padding process using a WRP region according to an
embodiment of the present invention.

For a non-padded boundary region, among all the WRPs
in the WRP List, the WRP having the pixel value at the
corresponding position is found and the boundary region is
filled with the pixel value at the corresponding position,
thereby performing padding. Here, the WRP list may mean
a set of all the WRPs that the current picture is able to refer
to. Further, the corresponding position may mean the case of
the same spatial coordinates of the reference regions in
different reference pictures.

Whether the region is a non-padded boundary region may
be determined at step S3600.

As the result of the determination at step S3600, when the
region is the non-padded boundary region, the WRP having
the pixel value at the corresponding position is found at step
S3602. Here, the meaning of having the pixel value at the
corresponding position may be that the corresponding posi-
tion is not the boundary region. Further, a case where
padding is performed even though the corresponding posi-
tion is the boundary region may be involved.

Whether there is a WRP having the pixel value at the
corresponding position may be determined at step S3604.

As the result of the determination at step S3604, when the
WRP having the pixel value at the corresponding position is
present, padding is performed using the pixel value of the
WRP that has the pixel value at the corresponding position
at step S3606.

Referring to FIG. 35, assuming that the leftmost and
topmost coordinates in the reference region of the current
picture are (0,0), it is found that the position of (0,0) in FIG.
35 at (a) is the boundary region. In FIG. 35 at (b), the
position of (0,0) belongs to WRP B, thus having a pixel
value. Here, the position of (0,0) in FIG. 35 at (a) and the
position of (0,0) in FIG. 35 at (b) are corresponding posi-
tions, and at the position of (0,0) in FIG. 35 at (a), FIG. 35
at (b) is “the case of having the pixel value at the corre-
sponding position”. Conversely, at the position of (0,0) in
FIG. 35 at (b), the corresponding position is the boundary
region, so FIG. 35 at (a) is “the case of not having the pixel
value”. Therefore, in the boundary region of WRP A, the
position of (0,0) may be padded with the pixel value of the
position of (0,0) in WRP B.

After the operation at step S3606, the operation at step
S3608 and/or step S3610 may be performed.

In the meantime, in addition to reference region padding
between WRPs, the method shown in FIGS. 34 to 36 may be
used for padding between the WRP and the general refer-
ence picture.

FIG. 37 includes diagrams illustrating a boundary region
padding process between a WRP and a general reference
picture according to an embodiment of the present inven-
tion.

Since the WRP is the reference picture obtained by
performing geometric transform on the image to be similar
to the picture to be encoded, different WRPs have high
similarity and continuity. However, the general reference
picture has not subjected to the geometric transform process
to be similar to the picture to be encoded, so such similarity
or continuity is low. However, considering the characteristic
of video frames having spatiotemporal similarity, the gen-
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eral reference picture also have similarity, so boundary
region padding using the reference picture region from the
general reference picture may be used for the boundary
region of the WRP. Further, in this case, it is expected that
the coding efficiency of an additional signal caused by
selective use of the WRP and the general reference picture
is enhanced. That is, this is the case where the WRP is used
although prediction similar to the general reference picture
is performed on the boundary region part of the WRP. Thus,
the change in the signal indicating whether the WRP and the
general reference picture are selected is reduced, which is
advantageous for entropy coding, and the like.

According to the embodiment of the present invention,
the above-described methods in FIGS. 31 to 37 may be used
in combination for padding.

In addition to the above-described padding method, there
are various padding methods. The padding methods have
respective advantages and disadvantages, and may be used
in different cases. Therefore, in order to obtain better pad-
ding effect, multiple padding methods may be used in
combination.

For example, according to a preset setting value, it is
possible to select one of multiple padding methods or
multiple padding methods for use.

As another example, the padding method may be selected
according to predetermined conditions such as the position
and the characteristic of the boundary region, presence of
other WRPs, comparison of efficiency after performance,
and the like. Further, the padding method to be used may be
selected differently depending on in units of a video, a
sequence, a GOP, a slice, a frame, the position within the
boundary region, the characteristic within the boundary
region, and the like.

As another example, multiple padding methods may be
used in a merged manner. For example, in the case of a
method using the closest pixel and a method using an
average pixel value, the average of the results obtained by
performing the two methods on each pixel in the boundary
region may be used as the pixel value. Alternatively, weight-
ing factors may be applied to regions so as to generate the
pixel value using the weighted average. The merging
method may be applied to multiple available padding meth-
ods. Alternatively, as shown in the example in FIG. 35 at (c),
when padding the boundary region by utilizing the pixel
value of the other WRP corresponding to the boundary
region of the WRP, padding is performed on the remaining
boundary region by using the fixed value, or padding of the
boundary region is performed using the adjacent pixel or the
average pixel value.

According to the embodiment of the present invention,
the padding value may be corrected. The effect of padding
may be further enhanced by correcting the padded value.
The correction methods may include various methods such
as blurring, brightness change, filtering, gradation, and the
like. Different methods may be used for each determined
section or region, or multiple methods may be used in
combination.

Blurring means that the pixel value within the image is
transformed to be similar to the nearby pixel value consid-
ering the nearby pixel value, and the like. This has the same
meaning as eliminating or reducing the high frequency
component of the image or strengthening the low frequency
component. Regarding the pixel value of the padded bound-
ary region within the WRP, a phenomenon that the pixel
value rapidly changes at the boundary of the non-boundary
region may occur depending on the padding method. This
rapid change in the pixel value may cause a reduction of the
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prediction efficiency in image encoding or a reduction of the
coding efficiency due to generation of the high frequency
component. Therefore, by using blurring at the boundary
between the boundary region within the WRP and the
non-boundary region, it is possible to prevent the rapid
change of the pixel value and prevent the reduction of the
coding efficiency.

FIG. 38 is a diagram illustrating a boundary region
padding correction process using a blurring method accord-
ing to an embodiment of the present invention.

Referring to FIG. 38, the boundary region of WRP A is
padded using WRP B that has the pixel value corresponding
to the boundary region of WRP A. Since WRP B has dark
pixel values overall compared to WRP A, it is found that the
brightness value rapidly changes at the boundary between
the boundary region padded using WRP B and the non-
boundary region which is the region of WRP A. Here,
blurring may be performed on region A. When comparing
the enlarged portion of region A after blurring with the
enlarged portion of region A before blurring, it is found that
at the boundary portion with the non-boundary region, the
pixel value of the padded boundary region is changed to the
brightness value similar to that of the non-boundary region.

In the meantime, blurring at the boundary region of the
WRP may use the global motion information to distinguish
the boundary region and the non-boundary region. Further,
the contact line between the boundary region and the non-
boundary region may not be horizontal or vertical, so the
operation is performed considering the geometric shape.

FIG. 39 is a diagram illustrating a blurring method
considering a geometric shape according to an embodiment
of the present invention.

Referring to FIG. 39, when the boundary between the
boundary region and the non-boundary region is in a diago-
nal direction at an angle of 45 degrees, the value of pixel A
of the non-boundary region is blurred to be similar to that of
pixel ¢ by using pixel ¢ rather than pixel a or pixel b in the
boundary region. However, since pixel A is adjacent to pixel
a and pixel b, the blurred pixel value may be calculated using
the weighted average using both values of pixel a and pixel
b.

Further, blurring may be used inside the boundary region
in addition to the boundary between the boundary region and
the non-boundary region. For example, the prediction effi-
ciency may be reduced because excessive high frequency
components remain inside the padding region depending on
the padding value. In this case, blurring may be used inside
the boundary region to enhance coding efficiency.

A brightness change method is a method of changing the
overall brightness of all or a part of the boundary region.
When using the padding method using the reference region,
even though the padded region and the WRP region relate to
the same object or background, the average brightness value
may differ due to, for example, fade-in and fade-out effects
in an image, temporal change in a photographing environ-
ment, and the like. As described above, when the overall
brightness of the non-boundary region and the padded
boundary region varies, it is possible to make the continuous
state between the boundary region and the non-boundary
region by brightening or darkening the overall pixels in the
boundary region. The coding efficiency may be enhanced by
making the non-boundary region and the boundary region to
have the continuous state.

FIG. 40 includes diagrams illustrating a boundary region
padding correction method using brightness change accord-
ing to an embodiment of the present invention.
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FIG. 40 at (a) shows that WRP B used in boundary region
padding has overall dart brightness values compared to
WRP A. In FIG. 40 at (b), it is found that the boundary
region and the non-boundary region are made to have a more
continuous state by correcting the brightness difference to
increase all the brightness values in the padded boundary
region. The letter a denotes a pixel corresponding to the
padded WRP B region and the pixel has the brightness value
of 147. Further, the letter b is a pixel belonging to the
non-boundary region and also denotes a representative pixel
indicating the overall brightness of WRP A and having the
brightness value of 252. The representative pixel may be
obtained at a particular point within the image, but may be
calculated through an average of the total brightness of the
image. The expression a' denotes pixel a with the brightness
value corrected and has the brightness value of 248. The
brightness value may be corrected considering the represen-
tative pixel indicating the overall brightness of the non-
boundary region and the brightness value that means the
overall brightness of the padded boundary region. Since the
overall brightness value of the padded boundary region is
lower than that of pixel b, the pixels belonging to the padded
boundary region are corrected to be brighter, thereby making
the padded boundary region and the non-boundary region
have the continuous state. It is found that pixel a' calculated
by correcting pixel a has a brightness value similar to that of
pixel b through the above process.

In addition, it is possible to correct the pixel value of the
boundary region by constructing an appropriate filter con-
sidering the characteristic of the image, and the like and by
using the filter. Further, it is possible to correct the pixel
value of the boundary region by using gradation. The
gradation may mean that the pixel value is corrected by
setting gradual and continuous brightness change in pixel
values from the boundary between the boundary region and
the non-boundary region.

According to the present invention, within the geometric
transform reference picture, it is possible to perform padding
on the boundary region which is an enlarged region in which
the pixel value information is not preset in the reference
region, thereby enhancing the prediction accuracy of the
encoder/decoder and the coding efficiency.

According to the present invention, there is provided a
method of decoding an image, the method including: receiv-
ing motion information; obtaining a geometric transform
picture (a warped reference picture, WRP) by using the
motion information; and performing padding on at least one
of boundary regions among the WRP and a reference
picture.

In the method of decoding the image according to the
present invention, the motion information may include
global motion information between a current picture and the
reference picture.

In the method of decoding the image according to the
present invention, the obtaining of the geometric transform
picture may include obtaining the WRP by using the global
motion information and the reference picture.

In the method of decoding the image according to the
present invention, the performing of padding on the bound-
ary region may include padding the boundary region by
using a fixed value.

In the method of decoding the image according to the
present invention, the fixed value may be obtained by using
at least one among all available pixel values, a predefined
pixel value, and a range that a pixel value may have.

In the method of decoding the image according to the
present invention, the performing of padding on the bound-
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ary region may include performing padding by using at least
one picture among a general reference picture, the WRP, and
a current encoding target picture.

In the method of decoding the image according to the
present invention, the performing of padding by using the at
least one picture may include performing padding by using
at least one among a pixel adjacent to a pixel of the boundary
region, a pixel within a predetermined region, and a refer-
ence picture region.

In the method of decoding the image according to the
present invention, the method may further include correcting
a pixel value of at least one boundary region on which the
padding has been performed.

In the method of decoding the image according to the
present invention, the correcting may include correcting by
using at least one among blurring, brightness change, filter-
ing, and gradation.

In the method of decoding the image according to the
present invention, the performing of padding by using the at
least one picture may include performing padding by using
the WRP having a pixel value at a position corresponding to
a padding target pixel in a WRP list.

Further, according to the present invention, there is pro-
vided a method of encoding an image, the method including:
determining motion information; obtaining a geometric
transform picture (a warped reference picture, WRP) by
using the motion information; and performing padding on at
least one of boundary regions among the WRP and a
reference picture.

In the method of encoding the image according to the
present invention, the motion information may include
global motion information between a current picture and the
reference picture.

In the method of encoding the image according to the
present invention, the obtaining of the geometric transform
picture may include obtaining the WRP by using the global
motion information and the reference picture.

In the method of encoding the image according to the
present invention, the performing of padding on the bound-
ary region may include padding the boundary region by
using a fixed value.

In the method of encoding the image according to the
present invention, the fixed value may be obtained by using
at least one among all available pixel values, a predefined
pixel value, and a range that a pixel value may have.

In the method of encoding the image according to the
present invention, the performing of padding on the bound-
ary region may include performing padding by using at least
one picture among a general reference picture, the WRP, and
a current encoding target picture.

In the method of encoding the image according to the
present invention, the performing of padding by using the at
least one picture may include performing padding by using
at least one among a pixel adjacent to a pixel of the boundary
region, a pixel within a predetermined region, and a refer-
ence picture region.

In the method of encoding the image according to the
present invention, the method may further include correcting
a pixel value of at least one boundary region on which the
padding has been performed.

In the method of encoding the image according to the
present invention, the correcting may include correcting by
using at least one among blurring, brightness change, filter-
ing, and gradation.
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Further, a computer-readable recording medium accord-
ing to the present invention may store a bitstream generated
by the method or apparatus for encoding the image accord-
ing to the present invention.

Although the exemplary methods described in the present
invention are expressed as a series of operations for clarity
of description, the order of the steps is not limited thereto.
When necessary, the steps may be performed simultaneously
or in a different order. In order to realize the method
according to the present invention, other steps may be added
to the illustrative steps, some steps may be excluded from
the illustrative steps, or some steps may be excluded while
additional steps may be included.

The various embodiments of the present invention are not
intended to list all possible combinations, but to illustrate
representative aspects of the present invention. The matters
described in the various embodiments may be applied inde-
pendently or in a combination of two or more.

Further, the various embodiments of the present invention
may be implemented by hardware, firmware, software, or
combinations thereof. In the case of implementation by
hardware, implementation is possible by one or more appli-
cation specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), general processors, con-
trollers, micro controllers, microprocessors, and the like.

The scope of the present invention includes software or
machine-executable instructions (for example, an operating
system, an application, firmware, a program, and the like)
that cause operation according to the methods of the various
embodiments to be performed on a device or a computer,
and includes a non-transitory computer-readable medium
storing such software or instructions to execute on a device
or a computer.

What is claimed is:

1. A method of decoding an image, the method compris-
ing:

obtaining global motion information;

generating, on the basis of the global motion information,

a warping region; and
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generating a corrected warping region by correcting a
pixel value of the pixel within the warping region using
neighboring pixels,

wherein the pixel value of the pixel within the warping
region is corrected by using the global motion infor-
mation and a gradual difference between values of the
different neighboring pixels adjacent to the pixel within
the warping region.

2. The method of claim 1, wherein the global information

includes affine transform information.

3. A method of encoding an image, the method compris-
ing:
determining global motion information;
generating, on the basis of the global motion information,
a warping region; and

generating a corrected warping region by correcting a
pixel value of the pixel within the warping region using
neighboring pixels,

wherein the pixel value of the pixel within the warping

region is corrected by using the global motion infor-
mation and a gradual difference between values of the
different neighboring pixels adjacent to the pixel within
the warping region.

4. A non-transitory computer readable recording medium
storing a bitstream generated by a method of encoding an
image, the method comprising:

determining global motion information;

generating, on the basis of the global motion information,
a warping region; and

generating a corrected warping region by correcting a
pixel value of the pixel within the warping region using
neighboring pixels,

wherein the pixel value of the pixel within the warping
region is corrected by using the global motion infor-
mation and a gradual difference between values of the
different neighboring pixels adjacent to the pixel within
the warping region.
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